Background
Bone tissue is dynamic and subject to a continuous formation and resorption process [1] . During this process there is a balance in the activities of osteoblasts and osteoclasts. Many reports have shown that reactive oxygen species (ROS) may be involved in the pathogenesis of bone loss and can contribute to degradation of the cartilage matrix.
The presence of oxygen free radicals (OFR) inside and outside cells causes many pathological processes including inflammation, carcinogenesis, age-related diseases, atherosclerosis, ischemia, and neurological diseases (Parkinson's, Alzheimer's) [2] [3] [4] [5] . They may easily react with deoxyribonucleic acid, lipids and proteins because of very high reactivity. Their mode of action changes the biological functions of basal cell components and thus probably leads to inappropriate enzymic activation or inactivation, irreversible transformation, mutations and even cell death [6] [7] [8] . OFR causes the damage of protein physico-chemical structure, lipid peroxidation, nucleic acids injury and hyaluronic acid depolymerization [9] .
Lipid peroxidation involves the process of oxidative decomposition of polyunsaturated fatty acids (PUFA) of membrane phospholipids, leading to formation of mixtures of lipid hydroperoxide, and aldehydic end-products such as MDA [10] [11] [12] . Lipid peroxidation changes permeability and fluidity of cell membranes. Bonner et al. [13] demonstrated that lipids, especially polyunsaturated fatty acids, accumulate with normal aging of cartilage. In several models of degenerative arthritis, lipid accumulation generally precedes local tissue degeneration [14, 15] . Age-related changes in the lipid composition of cartilage could push the normally contained lipid peroxidation process into a state of uncontrolled oxidative stress, leading to the oxidation of cartilage collagen. Oxidation of collagen could cause fragmentation which makes collagen fibrils more brittle and prone to mechanical fatigue failure [16] . Such failure could initiate osteoarthritis.
One of the best-known products of OFR reaction with lipids is malondialdehyde (MDA), formed in the lipid peroxidation process [6, 17] .
MDA is believed to be largely responsible for cytopathological effects observed during oxidative stress of lipid peroxidation [10, 11] . MDA reacts with histidine and lysine residues of proteins to form stable adducts. MDA in some conditions may also induce changes in DNA by cross-linking formation [18, 19] .
Serum paraoxonase (PON1) is a calcium-dependent esterase known to catalyze hydrolysis of organophosphates, aryl esters, lactones and hydroperoxides and is widely distributed among tissues such as the liver, kidneys, intestine and plasma [20] [21] [22] . PON1 is exclusively bound to high-density lipoprotein (HDL) and is recognized as an antioxidant enzyme because it hydrolyses lipid peroxides in oxidized lipoproteins [23, 24] . PON1 activity was suggested to be inversely associated with oxidative stress in serum and macrophages [25] . In several groups of patients with diabetes, hypercholesterolemia, and cardiovascular disease who are under increased oxidative stress, the reduced activity of PON1 has been reported [26] [27] [28] .
MDA has not been searched for together with the antioxidant enzyme PON1 in OA patients thus far. We aimed to determine a possible correlation between serum PON1 activities as known antioxidant and MDA levels, end-products of lipid peroxidation, induced by ROS for evaluating oxidative stress in OA patients. The material for the study was venous blood plasma, serum and erythrocytes. Blood was taken after fasting, from the cubital vein, during a routine exam and kept in dry and sterile test-tubes (Grainer Bio-one, Austria). In the group of patients blood was taken twice -once before the arthroplasty and once on the tenth day after the surgery.
Material and Methods

Subjects
The whole blood with addition of 3.2% sodium citrate was centrifuged at 4°C to obtain erythrocytes and plasma. The plasma was collected for assessing MDA level. After removing plasma, the cells were washed using 3 volumes of phosphate buffered saline (PBS). The haemoglobin concentration in the hemolysates was assayed with the colorimetric standard method using Drabkin's reagent and expressed as g/dl.
The blood samples without anticoagulant, after complete clotting, were centrifuged for 10 min. at 3000 rotations per min., at 4°C. Serum from the samples was placed into Eppendorf test-tubes and kept frozen at -20°C until the marking of lysosomal enzymes was performed. Serum was thawed about an hour before the study.
Chemicals
Thiobarbituric acid (TBA), trichloroacetic acid (TCA), adrenaline and hydrogen peroxide were purchased from Fluka (Sigma-Alrich Sp. z o.o, Poland), butylated hyroxytoluene (BHT) and paraoxon was from Aldrich (SigmaAldrich sp. z o.o, Poland). Folin phenol reagent, sodium 
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Determination of MDA level in erythrocytes
The erythrocyte malondialdehyde (MDAe) level was determined according to the method of Buege and Aust [29] in Esterbauer and Cheeseman's later modification [30] . This method is based on the reaction with thiobarbituric acid (TBA) in an acidic pH at 90-100ºC. In the TBA test reaction, MDA or MDA-like substances (produced during lipid peroxidation) and TBA react with production of a pink pigment with a 532 nm absorption maximum. The specimens were joined with butylated hydroxytoluene (BHT) and TCA, then incubated at room temperature for 10 min and centrifuged (4000 g, 10 min.). The supernatants reacted with a mixture of TBA and TCA in a boiling water bath for 20 min. After cooling, the absorbance was read at 532 nm.
Determination MDA level in blood plasma
The samples were mixed with mixture of TBA and trichloroacetic acid (TCA) in HCl to precipitate protein. The reaction was performed at pH 2-3 at 90°C for 20 min. The precipitate was pelleted by centrifugation at 4000 g at room temperature for 15 min. Absorption of supernatants was read at a wavelength of 532 nm.
The majority of TBARS are malondialdehydes, thus the concentration of MDA in blood plasma was expressed as nmol MDA/ml. The results were calculated using an index of absorption for MDA of 1.56×10 5 /M/cm. The concentration of MDA in erythrocytes was expressed as nmol MDA/g Hb.
Determination of paraoxonase activity
Paraoxonase activities were measured according to the method of Playfer et al. [31] with later modification of Sogorb et al. [32] . The assay buffer contained 0.1M TRIS-HCl (pH 9.0), 5 mM CaCl 2 . The reaction was initiated by adding blood serum to the freshly prepared paraoxon (diethyl-p-nitrophenyl phosphate), and the increase in absorbance was monitored at 412nm with the use of a continuously recording spectrophotometer. The rate of generation of p-nitrophenol was determined at 37°C. Enzyme activity was calculated from the rate of p-nitrophenol production (molar extinction coefficient -18029 M/cm) and was expressed as units per l of blood serum (1U PON activity was defined as 1 µM paraoxon hydrolyzed min-1 under the above assay conditions).
Statistical analysis
The Statistical Package for Social Sciences (SPSS Inc., Chicago, USA, version 12.0) was used for the analyses. Kolmogorov-Smirnov and Shapiro-Wilks tests were applied for the compatibility estimation of the studied parameters' distribution with normal distribution. All results are expressed as mean ±SD; differences between groups were assessed using non-parametric Mann-Whitney U-test. Spearman rank correlation (for categorical variables) and Pearson correlation coefficients were used to assess the relationship between parameters. A two-tailed P value of <0.05 was considered statistically significant.
results
Characteristics of the study group are presented in Table 1 . The results obtained in the studied group are presented together ( Figure 1 , Table 2 ) and separately with division into men and women (Table 3) , and also into groups of patients under 69 and over 70 year of life (Table 4) .
Concentration of malondialdehyde in all studied patients' erythrocytes was higher than in the reference group; however, the stated difference was not statistically significant. Increased concentration of MDAe before surgery was noticed in the group of men with OA (64.42 nmol/g Hb, p<0.01). After implantation of the endoprosthesis, MDAe concentration in plasma decreased to the level found in the Statistically significant as compared to a control group * p<0.01. Statistically significant as compared to a studied group before surgery ** p< 0.01. . Statistically significant differences in the level of malondialdehyde in erythrocytes before and after surgery were found in the group of the oldest patients. At the same time, there was a statistically significant difference in MDA concentration in erythrocytes before implantation of the endoprosthesis between men and women in both studied and control groups (higher in men, p<0.05). In case of determining MDA concentration in blood plasma, in the studied group it was slightly lower before surgery, and after surgical treatment it reached a level close to the value of this parameter in the reference group. Statistically significant differences between the level of malondialdehyde in blood plasma of patients before the endoprosthesis-plasty and those in the control group were noticed only in patients younger than 69 (p<0.01).
Regardless of the sex or age, paraoxonase activity was twice as high in all studied groups as in the reference group, and the differences were statistically significant.
PON1 activity after surgical treatment increased in serum of studied women (by 7%, p<0.05) and also the group of patients older than 70 (about 8%, p<0.05). In the other groups, endoprosthesis implantation resulted in a decrease of PON1 activity: male patients (19%, p<0.01) and younger patients (10%, p<0.01). A positive correlation between PON1 activity and MDAe concentration was demonstrated, both before and after surgery in the group of male patients (r=0.318; p<0.01).
discussion
The assumption that extremely labile reactive oxygen species (ROS) may play a role in the regulation of tissue oxidation-antioxidant processes in articular cartilage seems to be problematic due to a lack of vascularization and oxygenation.
In vitro studies have shown that the concentration of oxygen on the surface of the cartilage was 5%, and in its deeper layer 1% [33] . Collagen is the element of tissue that is particularly prone to oxidative damages, because its mechanical properties are weakened by the damages [34] . The damage of the matrix proteoglycans and extracellular fluids caused by ROS exposes the joint cartilage to risk of mechanical damage, even at loads just under physiological conditions, and changes the tissue's ability to maintain water [35] . Kempson et al. [36] showed that degenerative changes of articular cartilage are accompanied by the resistance to deformity forces together with damage to collagen fibrils. In most cases, patients with disease-involved oxidative stress have lower PON1 activity [37] . A logical explanation for the upregulation of PON1 activity patient toward control is the influence of PON1 genetic polymorphisms on serum PON1 activity. The PON1 gene has 2 common polymorphisms in the coding region, which lead to a glutamine -arginine substitution at position 192 and leucinemethionine substitution at position 55 [38] . There were 3 different phenotypes that corresponded to high, intermediate, and low serum PON1 activities. Also, the frequency for the low-activity allele varied considerably among populations of different geographical/ethnic origin, a higher frequency being observed in the Caucasian population. Considerable differences were observed in relation to the PON155 genotype, with individuals carrying a leucine at position 55 (L isoform) having higher serum PON1 concentrations than those with a methionine (M isoform) at this position. A practical and important consequence of the influence of PON1 genetic polymorphisms on serum PON1 activity is that it becomes necessary that, when performing case-control studies, the observed differences in enzyme activities are matched by genotype [39] .
The decrease of PON1 activity after endoprosthesis implantation in examined men and younger persons confirms the results of experiments by Regan et al. [40] , which proved a correlation between OA and the activity of ROS main scavengers in the articular cartilage, suggesting that damages Table 4 . Level of malondialdehyde in erythrocytes (MDAe), malondialdehyde in blood plasma (MDA) and activity of paraoxonase (PON1) in blood serum of OA patients under 69 years and over 70 year (studied groups) and in the control groups.
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caused by ROS play a key role at both initial and progressive stages of disease. Regan et al. also reported that with increasing body weight, excessive shear forces rooted in instability or improper setting of a joint in relation to its axis, as well as an excessive load of joint while performing daily activities, explain the increased activity of reactive particles in the articular cartilage. The ability of scavenging ROS within a joint may depend on genetic factors -it is possible that remaining under the influence of hormones, age at which first OA symptoms were observed, and other interindividual differences play a role. Buffering capacities of ROS can also be weakened by other diseases, in the course of which ROS are generated [40] .
The other described joint element playing a vital role in the pathogenesis of OA is a synovial compartment [41] . Ayral et al. found that in the course of acute synovial inflammation, changes are observed in the nature of its proliferation and inflammation. Activated synovium may release proteases and cytokines that accelerate the deterioration of pathological changes adjacent to the synovial cartilage. Among some of our patients (especially those with post-traumatic and rheumatoid OA) high activity of PON1 before surgery may indicate acute inflammation of synovial joint. In the advanced stages of OA, "synovitis" may even resemble the image of synovial membrane inflammatory hyperplasia (pannus) observed in rheumatoid arthritis (RA) [42] . MDA, very harmful for an organism, being the final product of rapid oxidation of unsaturated fatty acids, is currently the most commonly assessed marker of lipid peroxidation. In numerous scientific studies, statistically higher levels of MDA were found in blood, synovial fluid and urine of patients with rheumatoid arthritis compared to the control group [43, 44] . Our study also shows higher MDA concentration in erythrocytes of patients (aetiology of OA in 7 cases was rheumatoid) compared to the control group.
Tiku et al. [16] conducting in vitro studies found that lipid peroxidation, and not the release of ROS, intervened in the degradation of matrix-dependent activation of chondrocyte. The detrimental effect of lipid peroxidation is initiated by a chain reaction that generates free radicals, which induce further peroxidation [45, 46] . Paraoxonase 1 is a part of 1 of the 3 systems of the organism's defence against ROS, called the third line of defence, and is formed to repair damages already caused by ROS activity. Properties of reducing the products of lipid peroxidation by this enzyme may be associated with the increased levels of its activity in certain motor system diseases. There are, however, some controversies concerning the behavior of PON1 in patients with rheumatoid arthritis. Tantimoto et al. [47] explained that the stated decrease of the enzyme activity in patients with rheumatoid arthritis (depending on the stage of the disease) is a result of its intensified inactivation due to the increased formation of ROS. At the same time, the increase of PON1 activity after endoprosthesis implantation in women, and those older than 70, shows that the surgery might have an inhibitory influence on ROS generation. The main components of the extracellular matrix, collagen type II and proteoglycans, are subject to quantitative changes relating to structural arrangement and organization during the aging process [48] . However, despite the fact that changes in the composition and structure of cartilage are inevitable, the development of OA while aging, in spite of being common, does not relate to the general population [49] . In our work we have found no significant differences between the 2 age groups evaluated in terms of MDA activity in plasma, although in the subgroup of younger people the value of this parameter differed significantly from the control group (P<0.01). MDAe concentration, higher in the elderly group, indicates an intensified process of lipid peroxidation in this group of patients. A lower value of the studied parameter in the control group younger than 69 in relation to the group older than 70 may also confirm the dependence of the MDA concentration in erythrocytes on patients' age. Our observations may be confirmed by the findings of Bonner et al. [13] who concluded who, developing the lipid profile of human articular cartilage, proved that lipids, particularly polyunsaturated fatty acids, accumulate as physiological aging of cartilage advances. At the same time, research into many models of osteoarthritis showed that local tissue degeneration usually precedes the process of lipid accumulation [50] .
Consumption of PON1 to prevent oxidation results in a decrease of serum PON1 activity [51, 52] . The protection against lipid peroxidation is achieved by PON1, during which free sulfhydryl groups of PON1 interact with specific oxidized lipids, and thus PON1 is inactivated [51] . Baskol et al. [43] concluded that the increased ROS levels might cause increased lipid peroxidation, and thus result in decreased antioxidant PON1 activity and increased serum MDA levels, and also determined a significant negative correlation between serum MDA and PON1 activities in the patient group. In our study the surgery seems (decreased PON1 activity and increased serum MDA but no significant correlation MDA/PON1) to cause an increase of ROS production in males and older patients.
Red blood cells are frequently used as an in vitro model for evaluation the antioxidant properties of different factors (in our study, surgery in OA). Erythrocytes exhibit a considerable oxidative stress resistance, but unsaturated fatty acids present in erythrocyte membrane can undergo peroxidation under these conditions [53] . Apparently, red blood cells of the examined men and patients over 70 years are more susceptible to oxidative stress in comparison to other studied groups.
conclusions
Our research and statistical analysis of the obtained results show both an increased ROS generation and intensified lipid peroxidation in the course of OA. It is the peroxidation of lipids, more severe in the elderly, which probably plays a key role in the pathogenesis of osteoarthritis.
